Objectives: Bipolar disorders (BD) are characterized by emotion and cognitive dysregulation. Mapping deficits in the neurocircuitry of cognitive-affective regulation allows for potential identification of intervention targets. This study used functional MRI data in BD patients and healthy controls during performance on a task requiring cognitive and inhibitory control superimposed on affective images, assessing cognitive and affective interference.
| INTRODUC TI ON
Bipolar disorder (BD) is a debilitating illness that often leads to chronic functional impairment and subsequent poor quality of life.
Individuals diagnosed with BD struggle with affect lability, emotion dysregulation, cognitive dysfunction, and behavioral impulsivity.
Although emotion dysregulation and cognitive dysfunction in bipolar disorder have been relatively well studied, the interaction of these two areas of functional impairment is less well understood, as is the relation to behavioral impulsivity. The ability to adaptively integrate affective and cognitive information and modulate behavior accordingly is a crucial aspect of healthy functioning. Understanding deficits in the interaction of emotion, cognition and behavior in BD patients relative to healthy individuals at the level of neurocircuitry provides important clues to the pathophysiology of BD, with the potential for delineating viable targets for rehabilitative intervention. A growing literature has identified the anterior insula as a key structure modulating switching between functional networks in service of regulatory goals. Examining responses along this broader neurocircuitry in BD patients and the functional connectivity of these network regions to the anterior insula during the simultaneous processing of cognitive and affective information could provide clues to sources of regulatory dysfunction in BD.
Only a handful of studies to date have explicitly examined the integration of cognitive and affective processing in BD. These studies implicate disruptions in broader frontoparietal and fronto-striatal networks in BD patients relative to controls. For example, using an emotional Stroop task, in which participants must indicate the ink color of emotional words, Lagopoulus et al found healthy controls primarily recruited frontoparietal control regions including DLPFC and IPL to complete the task, whereas BD patients primarily recruited subcortical limbic regions including amygdala, hippocampus, and regions of the caudate. This suggests greater regulatory control during task performance in healthy controls versus greater processing of affective salience in BD patients. Using a similar emotional Stroop task, Mahli et al found significantly weaker fronto-striatal recruitment in BD patients relative to controls, including weaker VLPFC, thalamus, caudate and putamen activation, suggestive of weaker regulatory control of behavioral response selection. BD patients were also significantly slower to respond to stimuli, suggesting impaired attentional control. In a more recent study, Favre et al used a modified emotional Stroop task that superimposes emotion words (happy, fear) on images showing happy or fearful facial expressions.
BD patients evidenced significantly reduced DLPFC activation and slower reaction time in response to word and facial expression incongruence relative to healthy controls. Furthermore, functional connectivity analyses showed significantly stronger positive correlations between DLPFC and default mode network regions (DMN; subgenual anterior cingulate cortex, posterior cingulate cortex) in BD patients during incongruence, in contrast to significantly stronger negative DLPFC-DMN functional correlations in healthy controls, suggesting BD patients may have greater difficulty switching from internally focused processing to task-related processing in the presence of competing cognitive-affective demands. Collectively, these studies suggest BD patients exhibit reduced regulatory control and increased salience processing during cognitive tasks that involve the simultaneous processing of affective information.
In this study, we sought to add to the existing literature on cognitive and emotion integration in BD by examining the ability to engage in a complex cognitive task and modulate behavior accordingly while simultaneously screening out distracting and irrelevant affective information, a process that is crucial for adaptive regulation. In this design, participants are not asked to engage directly with affective stimuli, but instead affective stimuli serve as a background distractor. This is relevant to clinical presentations of BD, wherein patients struggle to override affective information (positive or negative) and inhibit emotion-driven behavioral responses (ie, impulsivity), to remain focused on goal-directed or adaptive behaviors. To assess this process, we used a modified version of the Multi-Source Interference Task (MSIT; a well-established paradigm eliciting cognitive interference) by superimposing task presentations onto affective images selected from the International Affective Picture System (IAPS).
The MSIT was developed to assess cognitive interference, or the ability to overcome task-irrelevant stimuli that distracts from taskrelevant stimuli, requiring cognitive control to resolve. Participants are required to override a prepotent motor response by utilizing cognitive information (selective attention, visuospatial processing, decision making), to screen out irrelevant information and inhibit automatic behavior. A recent meta-analysis of MSIT studies in healthy controls found consistently increased activation of the dACC, dmPFC, and SMA during interference trials across studies.
These findings have been suggested to relate to conflict monitoring (dACC) and motor planning (dmPFC, SMA) in the context of the inhibition of prepotent motor responses to successfully overcome interference and select the correct task response. In addition, increased activation of the right insula, right VLPFC and putamen during interference trials was found across studies, suggesting increased processing of the saliency of interference. Abnormalities in dACC and dmPFC activation during interference trials has been shown across multiple clinical populations including schizophrenia, major depressive disorder, posttraumatic stress disorder, obsessive-compulsive disorder, attention deficit hyperactivity disorder ADHD, and chronic pain. A previous study using the MSIT (without affective stimuli) in BD patients found reduced dACC and midcingulate activation in BD patients relative to healthy controls. Furthermore, we hypothesized BD patients would evidence slower reaction times and decreased task accuracy in the context of emotional stimuli relative to neutral stimuli. 
| ME THODS

| Participants
| Clinical measures
The presence of current mood symptoms was assessed using wellvalidated clinician-administered and self-report measures. Current presence of depressive symptoms was measured using the Hamilton Depression Rating Scale, 17-item version (HAM-D-17) and the Beck Depression Inventory (BDI-II). Current manic or hypomanic symptoms were measured using the Young Mania Rating Scale (YMRS).
| fMRI paradigm
| MSIT-IAPS task
All 
| MRI scanning
MRI data were acquired using a 3.0-T whole-body scanner (TrioSystem), equipped for echo planar imaging (Siemens Medical Systems, Iselin NJ) with a 3-axis gradient head coil. Head movements were restricted using foam cushions. Images were projected using a rear projection system and E-Prime stimulus presentation software was used to show the task stimuli (Psychology Software Tools;
https://www.psychology-software-tools.mybigcommerce.com).
Following automated scout and shimming procedures, two high-res- 
| MRI data analysis
Functional Data were processed using SPM8 software (Wellcome Table S1 ). Contrast results were examined at a small volume corrected (SVC) threshold of P < 0.005. Significant SVC results with a family-wise error (FWE) corrected P-value less than 0.05 were followed up for further analysis. The linear time series from significant contrasts that survived this additional FWE correction were extracted for further analysis using MarsBar.
To assess functional connectivity differences as a function of task contrast, generalized PPI analyses were conducted in SPM8.
At the individual subject level, condition contrasts of interest were modeled for main effects of cognitive interference and valence Table 2 ). The first eigenvariate was extracted by creating a spherical VOI with a radius of 6 mm for each condition contrast of interest. Resulting individual contrast images were then entered into a second Level GLM for group analysis in SPM. Functional connectivity between the anterior insula seed region and our a priori ROIs specified above was examined (IPL, DLPFC, VLPFC, dmPFC, vmPFC, cingulate cortex, caudate, hippocampus, and amygdala). Results of all group analyses were examined with a voxelwise threshold of P < 0.005. The linear time series from significant contrasts with a FWE corrected P-value less than 0.05 were extracted for further analysis using MarsBar.
| Behavior Analysis
Behavioral performance on the MSIT-IAPS task was assessed by cal- 
| Medication effects
The effects of psychotropic medications (medication load) on task performance and MRI results were assessed using an established approach by Phillips and colleagues. For each participant, the dose of each class of medication (antidepressants, mood-stabilizers, antipsychotics, and anxiolytics) is coded as absent (0), low (1), or high (2) using the dosing guidelines, and a participant's total medication load is reflected as a sum of these scores (range = 0-8). To assess the effects of medication, individual medication load scores were regressed on measures of task behavior (reaction time, accuracy) and significant findings from the ROI contrast analyses and gPPI results.
| RE SULTS
| Demographics
Complete participant demographics are presented in Table 1 Table 2 shows complete behavioral results across all trial types.
| Behavioral Results
Data from one BD participant failed to record during scanning, therefore, results presented are for the remaining 74 participants.
Results from the omnibus MANCOVA controlling for residual depression and mania symptoms showed a significant difference be- 
| fMRI Results
| Effect of Cognitive Interference (Interference vs Non-Interference trials)
Results of interference vs non-interference trials are summarized in Table 3 . Across all interference-non-interference trials 
| Effect of Valence (Negative, Positive vs Neutral trials)
| Functional connectivity (gPPI)
Results of gPPI analysis are summarized in Table 4 . As we did not find any significant effects of positive valence trials, gPPI analyses included only negative and neutral valence trials. Significant differences in functional connectivity were found in BD patients relative to controls during negative interference-negative non-interference trials between the right anterior insula seed region and bilateral dorsal anterior cingulate (dACC; Figure 3A ), left dmPFC, bilateral DLPFC, bilateral vmPFC, bilateral IPL, bilateral caudate, and bilateral hippocampus (Table 4) .
Across all anterior insula seed-ROI target pairs, BD patients evidenced positively correlated activation, whereas healthy controls evidenced negatively correlated activation (See supplement, Figure S1 ). 
| Effects of Medications
TA B L E 3 fMRI contrast results
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right: = −0.37, P = 0.03). No other significant correlations between medication load and regional activation, functional connectivity, or task performance were found.
| Relationship to Behavior
Activation in the left IPL during interference trials was significantly Figure S3 ). 
TA B L E 4 fMRI gPPI results
| D ISCUSS I ON
In this study, we sought to examine the integration of cognition, emotion, and behavioral inhibition in patients with BD using a complex cognitive task superimposed on irrelevant affective stimuli.
Consistent with our first hypothesis, BD patients showed decreased regional activations relative to healthy controls across a distributed set of frontoparietal executive control regions during cognitive in- was associated with slower (less efficient) reaction times. However, contrary to hypotheses, stronger positive functional connectivity was also found between anterior insula and several frontoparietal executive control network regions (bilateral IPL, DLPFC, dmPFC) relative to healthy controls, and also in the same direction (positive connectivity in BD patients, negative connectivity in healthy controls; see Supplement, Figure S1 ). Furthermore, these functional connectivity effects were found only during negatively valenced trials, and most strongly during negative interference trials.
Collectively, these results are interesting, in that, prima facie, they seem counterintuitive. One might conclude positive functional connectivity between regions to imply increased efficiency, or to be related to increased causal (ie, inhibitory) connectivity. However, Overall, results from this study suggest the ability to adaptively utilize frontoparietal control systems rather than salience or default mode systems to disengage from irrelevant emotional stimuli and meet task demands is compromised in BD patients.
Our third hypothesis, that BD patients would evidence slower reaction times and decreased task accuracy in the context of emotional stimuli relative to neutral stimuli, was only partially supported.
After correction for multiple comparisons, we found no significant differences in reaction times across all task conditions between BD patients and healthy controls. This is in contrast to the findings of Gruber et al, using the original MSIT task, in which BD patients exhibited significantly slower reaction times across interference trials relative to healthy controls. The difference in findings may be accounted for by the presence of irrelevant emotional stimuli in the modified task, which may affect performance in healthy control subjects and reduce differences in reaction time between healthy controls and BD patients below a statistically significant threshold. However, in this study, behavioral effects were calculated controlling for residual symptoms of depression and mania, and more stringent corrections for multiple comparisons were applied, which may also account for the differences between studies. Indeed, in the absence of these controls, BD patients evidenced significantly slower reaction times relative to healthy controls across all task conditions (all P values < 0.05).
Therefore, it is unclear whether the presence of emotional distractors, the presence of residual mood symptoms, or the interaction of both ultimately impacts performance speed in BD patients.
We did find significant differences in response accuracy across all negative and neutral interference trials, which is in keeping with previous findings of reduced accuracy during interference.
Interestingly, we did not find a significant difference in accuracy during positively valenced interference trials, but we did find a sig- 
| CON CLUS IONS
Understanding the neural correlates of cognition-emotion integra- 
